Abstract
Background. The success of peritoneal dialysis (PD) is dependent on timely and adequate PD catheter access. In many centres, including our own, PD catheter insertion technique has evolved by laparoscopic surgery. An alternative method of catheter insertion is performed by radiologists using a percutaneous modified Seldinger technique under fluoroscopic guidance. However, there are no clinical trials comparing these two methods of catheter insertion. Methods. From 1 April 1999 to 30 August 2004, we randomly assigned 113 pre-dialysis patients to receive PD catheter insertion using fluoroscopic guidance under local anaesthesia by radiologists or insertion using laparoscopy under general anaesthesia by a surgeon. The primary endpoint was the occurrence of dialysis catheter complications (complication-free catheter survival) by Day 365, a composite endpoint that included complications secondary to mechanical and infectious causes. Secondary endpoints were the occurrence of catheter removal (overall catheter survival) and death from any cause (patient survival) by Day 365, procedure pain, procedure time, procedure room utilization time, length of inpatient admission and direct hospital costs. Results were analysed by univariate and multivariate methods and by Kaplan-Meier survival curves.
Results. Complication-free catheter survival was significantly higher at 42.5% [95% confidence interval (CI) 29.3-55] in the radiological group compared with 18.1% (95% CI 8.9-29.8) in the laparoscopic group (P-value = 0.03). Excess complications in the laparoscopic group included peritonitis, peritoneal dialysate leaks and umbilical herniae. One-year overall catheter survival and 1-year subject
Introduction
Peritoneal dialysis (PD) is a successful modality of home dialysis that provides excellent survival [1] . The success of this therapy is dependent on timely and adequate PD catheter access. A standard PD catheter insertion technique has evolved from open surgery to include laparoscopic surgery, and cumulative clinical experience has shown excellent surgical results with minimal invasiveness and risk to the patient with this approach [2] . Despite a substantial body of literature, definitive evidence-based recommendations as to optimal insertion technique are difficult; only a few randomized controlled comparisons are available [3] [4] [5] .
An alternative method of catheter insertion is performed by radiologists using a percutaneous modified Seldinger technique under fluoroscopic guidance [6] . This technique was first described in 1992 and shares some of the benefits of laparoscopic surgery, including shorter procedure duration and generally minimal tissue trauma resulting in less pain and quicker recovery [7] . Potential advantages over and above laparoscopic surgery include local anaesthesia, avoidance of lengthy surgical delays and lower costs-all factors that are known to increase PD utilization [8] [9] [10] . Disadvantages include the inability to perform surgical co-interventions at the time of catheter placement such as hernia repair, omentopexy and suturing of peritoneal incisions. Cohort studies show that radiological catheter insertion is associated with low rates of early technical complications and reasonable catheter function compared with other methods [6] [7] [11] [12] [13] [14] [15] [16] [17] . These studies are observational, however, and potentially confounded by covariate imbalance between groups that may or may not be accounted for by statistical adjustment [18] .
We report the results of a single-centre randomized controlled trial comparing two methods of PD catheter insertion in low-risk patients who are non-obese and without prior abdominal surgery: percutaneous insertion by radiologists using a modified Seldinger technique under fluoroscopic guidance and laparoscopic insertion by surgeons under direct vision. The primary outcome in our study is complication-free catheter survival.
Materials and methods
The main objective of this study was to test the hypothesis that patients receiving PD catheters by the radiological insertion technique have clinically non-inferior outcomes to those receiving catheters by the laparoscopic insertion technique.
Subjects
The study enrolment period was from 1 April 1999 to 30 August 2004. Subjects were recruited from the outpatient clinic within the CountiesManukau District Health Board, Auckland, New Zealand. Individuals with severe or end-stage kidney disease were approached to participate in the study if they were offered and accepted PD as their renal replacement therapy modality.
Individuals were eligible if they were ≥18 years and suitable for both laparoscopic and radiological PD catheter insertions. Exclusion criteria included severe obesity [body mass index (BMI) >35], previous abdominal surgery or a history consistent with adhesions, severe medical comorbidity precluding general anaesthesia, bleeding diatheses, anticoagulation, HIV infection, ongoing corticosteroid or immunosuppressant use, severe psychiatric disease and definite plans for live donor kidney transplantation.
The study was approved by the Northern (NZ) Ethics Committee and was performed in accordance with the guidelines for Good Clinical Practice. All patients provided written informed consent. The study is registered through www.ISRCTN.org (ISRCTN92892834).
Interventions
After dialysis catheter insertion, all patients underwent peritoneal rest for a minimum of 2 weeks prior to commencing continuous ambulatory PD using a Y-set system (Freeline Solo Radiological catheter insertion technique. Radiological catheter insertion was performed by one of two credentialed specialist interventional radiologists. The subject's skin area was marked pre-operatively for belt lines and the proposed catheter tunnel exit site, and then prepared povidone-iodine 10% w/v and draped. An 18-gauge Hawkins-Akins ® blunt needle (Cook Medical, Bloomington, IL, USA) with blunt trochar was used to obtain access into the peritoneal cavity. The needle was inserted 2 cm inferiorly and laterally to the umbilicus, angled at 45°to vertical and towards the contralateral iliac fossa. Access to the peritoneal cavity was confirmed by fluoroscopic screening of injection of a small volume of iodinated contrast in the peritoneal cavity. A 0.035-inch super stiff Amplatz ® (Boston Scientific, Natick, MA, USA) guidewire was inserted and coiled deep in the pelvis. Under fluoroscopic guidance, serial dilatation was performed to allow the passage of a 16F-gauge peel-away sheath (Cook Medical) over the guidewire into the peritoneal cavity. The peritoneal catheter was passed over the guidewire through the sheath and into the pelvis without the use of any additional coaxial or stiffening placement system. The catheter was placed such that the first cuff was at the level of the rectus muscle sheath or the immediately adjacent subcutaneous fat. The sheath was then removed followed by the guidewire whilst using fluoroscopy to ensure that good catheter position was maintained.
The subcutaneous tunnel was formed after initial blunt dissection with forceps to form a small pocket for the second cuff. Depending on the marked exit-site location, an 8-15 cm length of subcutaneous tissue and skin was infiltrated with 2% lignocaine. Care was taken to ensure that the tunnel approached the exit site vertically from above, thus creating an 'n'-shaped curved tunnel. A curved stainless steel tunnelling device was passed from the initial peritoneal access point along the subcutaneous tissues, and then through the exit site via a small skin incision. The catheter itself was then attached to the trailing end of the tunnelling device and pulled through the subcutaneous tunnel and exit site along with the tunnelling device, taking care to avoid kinking of the catheter and disruption of cuff positions.
Catheter patency was confirmed by instilling 1 L of PD fluid and allowing it to drain. Note was made of the volume and appearance of the effluent. The catheter was secured to the skin with a sterile plastic dressing (IV3000 ® , Smith and Nephew, London, UK) over an absorbent dressing (Primapore ® , Smith and Nephew). No sutures were used to secure the catheter. The insertion site was closed with interrupted sutures using 3/0 non-absorbable material, which were routinely removed at 7-10 days post-procedure.
Surgical catheter insertion technique. Laparoscopic catheter insertions were performed by one credentialed specialist surgeon. The technique has been previously reported [19] . Post-procedural care was similar to the radiological insertion technique.
Outcomes
The primary outcome was the occurrence of dialysis catheter complications (complication-free catheter survival) by Day 365, a composite endpoint that included complications secondary to mechanical causes (insertion failure, patency failure defined as an inadequate inflow/outflow requiring pharmacological or physical intervention, herniae, dialysate leak including those through the exit site, the diaphragm, a patent processus vaginalis or an abdominal hernia), or infectious causes (PDrelated peritonitis, exit-site infection, catheter tunnel infection). The mechanical complications were defined according to standard clinical criteria, except herniae and dialysate leaks, which were defined by confirmatory appearances on computed tomography (CT) peritoneography [20] . The infectious complications were defined according to International Society of Peritoneal Dialysis (1996) criteria [21] . The time frame of 365 days for our primary outcome was chosen to capture events such as peritonitis, dialysis leaks and hernia that may occur up to 1 year after catheter insertion, which may be a direct result of insertion technique and abdominal wall instrumentation. We subsequently performed supplementary analyses of the primary outcome, as described below, to obtain a sense of the impact of 'early complications' defined as those occurring within 60 days of catheter insertion.
Secondary outcomes were catheter removal (overall catheter survival) and subject death from any cause ( patient survival) by Day 365, subject pain, procedure time, procedure room utilization time, length of inpatient admission and direct hospital costs. Subject pain was assessed using a 10-point visual analogue pain score scale administered immediately before the procedure and then again the following morning with the difference in scores indicating the pain attributable to the procedure. Other data were observed directly.
Patient-specific direct hospital costs (without overheads) were ascertained using hospital cost accounting systems (see Supplementary material). Costs were not discounted due to the short duration of the follow-up.
Sample size, randomization and blinding
Power was determined as for a non-inferiority or equivalence study, with an 80% power to test the null hypothesis of non-equivalence (defined by a clinically significant relative increase in complications by 25%), when the alternative hypothesis of equivalence is true, at a one-sided alpha level of 0.05 [22] . The planned sample size was 58 patients in each group, assuming a complication rate of 0.78 per patient-year in the laparoscopic group [peritonitis rate 0.5 per patient-year, exit-site infection rate 0.2 per patientyear (∼25% concurrent with peritonitis), technique failure rate 0.05 per patient-year, technical failure of catheter placement 3%] [23] .
Subjects were allocated by simple randomization to receive the Baxter Curl ® Catheter by either radiological or laparoscopic insertion technique. The randomization procedure and treatment allocation were performed by the research staff not involved with the care of the subjects and performed before the initiation of dialysis. Allocations were stored in sequentially numbered opaque, sealed envelopes, concealed and unavailable to investigators, study research staff and data entry staff at all points during the study.
Because of the nature of the interventions, blinding of patients, providers and data collectors was not possible. This situation potentially allows for a range of potential biases from these sources, including reporting bias, performance bias and ascertainment bias, respectively. Data analysts were blinded, thereby avoiding a post hoc selection of analytic approaches and time points to show the maximum or minimum effects.
Statistical methods
Differences in baseline characteristics and results by allocation were analysed by χ 2 tests for categorical variables, t-tests or Wilcoxon rank-sum tests as appropriate for continuous variables and incident rate ratios (with Fisher's exact P-value) for incidence density or person-time data.
As the primary question was one of non-inferiority, both intention-totreat (ITT) and per-protocol (PP) analyses were performed. Only if both approaches supported non-inferiority would the trial be considered positive. The ITT analysis included all participants randomly allocated to treatment groups, whereas the PP analysis excluded participants under the following conditions: missing efficacy data, major protocol violations including crossovers, severe lack of compliance and where conditions were discovered a posteriori not to have been met.
The primary analysis used the Kaplan-Meier method, censored for death and transplant, to compute complication-free catheter survival at 365-day follow-up. A secondary analysis computed the same parameters while limiting the follow-up to 60 days, to obtain a sense of the impact of 'early complications' versus later ones. Hazard ratios and 95% confidence intervals (CIs) for the effect of radiological catheter insertion on complication-free catheter survival and overall catheter survival were calculated by the Cox proportional hazard analysis. The secondary outcomes of overall catheter survival and patient survival were analysed in a similar manner.
Subgroup analyses were not pre-defined; post hoc subgroup effects were assessed by testing the interaction of treatment group and subgroup strata.
Statistical significance was attributed to findings if two-tailed P-values were <0.05. All analyses were undertaken using Intercooled Stata 9.2.
Results
The Figure 1 . Of those randomized, 6 (10%) and 5 (9%) subjects did not undergo allocated radiological and laparoscopic insertions, respectively. The radiological and laparoscopic groups of the study were representative of the source population treated with PD in our hospital (Table 1) . No subjects were transplanted over the course of the study.
Of the 51 subjects receiving a radiological catheter, two had peri-procedural complications. One with insertion failure proceeded to laparoscopic catheter insertion. The other had urinary bladder perforation despite correct placement of the catheter in the abdominal cavity, which settled with conservative management allowing uncomplicated commencement of PD after 24 days. Of the 51 subjects receiving a laparoscopic catheter, four had post-operative bleeding from surgical wounds during their hospital admission, one requiring blood transfusion. The median (interquartile range) delay between catheter insertion and commencement of PD was 27 (21-34) days in the radiological group and 28 (26) (27) (28) (29) (30) (31) (32) (33) in the laparoscopic one.
The total duration of follow-up was 17 657 (radiological) and 17 235 (laparoscopic) days. Excluding immediate periprocedural complications, there were 55 individual PD catheter or patient complications (amongst 31 subjects) in the radiological group and 84 such complications (amongst 45 subjects) in the laparoscopic group (Table 2) . Catheter patency failure in both groups was related to either catheter migration or previously unrecognized adhesions and did not differ by treatment allocation. Peritoneal dialysate leaks and herniae in both groups were mainly related to the umbilicus, with a trend to greater frequency in the laparoscopic group. Leaks in all subjects settled with nonsurgical treatment and peritoneal rest; two subjects with pleural leaks were transferred immediately to haemodialysis as per our unit protocol. Herniae in all subjects were successfully treated with surgery. Exit-site infection did not differ by treatment allocation. Peritonitis was more frequent in those allocated to the laparoscopic group. There were 9 catheters (9 subjects) removed in the radiological group, and 14 (14 subjects) in the laparoscopic group (Table 3) . Removal of catheters for primary patency failure in both groups was due to previously unrecognized adhesions in all cases. Two subjects changed dialysis modality to haemodialysis for lifestyle reasons. Seven catheters were removed for severe or non-resolving peritonitis, one for a non-resolving exit-site infection and one for recurrent exit-site infection. There were no differences in reasons for catheter removal by group allocation.
One-year death-censored complication-free catheter survival is illustrated in Figure 2 . In the ITT analysis, survival was significantly higher at 42.5% (95% CI 29. Early complications were no different between the radiological and laparoscopic groups (Table 2) , with hazard ratios for radiological insertion of 0.84 (95% CI 0.42-1.68) and 0.87 (95% CI 0.44-1.74) in ITT and PP analyses, respectively.
One-year death-censored overall catheter survival is illustrated in Figure 3 . In the ITT analysis, survival was 84.0% (95% CI 71.4-91.3) in the radiological group compared with 73.7% (95% CI 59.6-83.5) in the laparoscopic group-hazard ratio for radiological insertion of 0.63 (95% CI 0.27-1.45). In the PP analyses, corresponding survival was 82% (95% CI 68.3-90.2) and 70.9% (95% CI 55.8-81.7), respectively, with a corresponding hazard ratio of 0.64 (95% CI 0.28-1.48).
One-year patient survival estimates in the ITT analysis, survival was 93.0% (95% CI 82.4-97.3) in the radiological Fig. 1 . Enrolment, randomization and follow-up of study subjects.
group compared with 89.3% (95% CI 77.7-95.0) in the laparoscopic group; with a hazard ratio for radiological insertion of 0.64 (95% CI 0.17-2.36). In the PP analyses, corresponding survival was 92% (95% CI 80.4-97.0) and 88.2% (95% CI 75.7-94.5), respectively, with a corresponding hazard ratio of 0.65 (95% CI 0.18-2.31).
Outcomes were similar between the two treatment groups in subgroup analyses of the ITT and PP populations (Figure 4) .
Pain scores, procedure times, time to hospital discharge and hospital costs are shown in Table 4 . Post-operative pain scores were significantly higher in the laparoscopic group. Twenty-three (45.1%) subjects in the radiological group and 8 (15.7%) in the laparoscopic group had pain scores of zero (no perceivable pain) by 24 h after the procedure. All subjects required either simple oral analgesia or none at all by 48 h after their respective procedure. Procedure times were significantly longer in the radiological group compared with the laparoscopic group, although the procedure room utilization times and time to hospital discharge were not significantly different. Direct hospital costs were significantly higher in the laparoscopic group, by almost a factor of two.
Discussion
The major finding of our study was that radiological insertion of PD catheters by a percutaneous fluoroscopic method was non-inferior to a surgical laparoscopic method in low-risk patients who are non-obese and without prior abdominal surgery. There were similar rates of immediate peri-procedural complications and similar overall catheter survival. Radiological insertion resulted in less pain for patients, and lower hospital costs despite similar length of hospital stay.
There were more complications in the laparoscopic group and a lower complication-free catheter survival. The more frequent peritonitis in this group possibly resulted from the direction of the catheter exit sites, a known risk factor for peritonitis [24] [25] [26] . Interestingly, however, our exit-site infection rate did not differ that much in the two groups. Although they were predominantly downwards facing, the angling was not as acute as for the radiological group. The more frequent umbilical herniae in the laparoscopic group probably resulted from instrumentation through the umbilicus to achieve pneumoperitoneum and permit laparoscopy. Port-site herniation of this nature has been reported in approximately 5-10% of patients in comparable published experience with the use of a 10-mm umbilical or paraumbilical port [4] [5] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] . The high rate of peritoneal dialysate leak reported in our study may have resulted from the definition which included both early and late leaks, as defined by CT peritoneography [20] . Hence, three of the four umbilical herniae in the laparoscopic group were also found to have sub-clinical leaks at the time of CT peritoneography, leading to their inclusion in this category of complication as well. The rate of clinically evident peritoneal dialysate leaks in the laparoscopic group was only 12.5%. This is comparable with rates of 0 and 15% (median 4.8%) from other studies that contained reasonable patient numbers (n ≥ 20) undergoing laparoscopic PD insertion with a similar technique to ours-i.e. 10-mm umbilical or peri-umbilical laparoscope port, ≥2 peritoneal puncture technique [4-5, 29-30, 32, 36-43] .
A recent editorial has elegantly criticized the internal and external validity of existing studies of radiological PD catheter insertion by percutaneous fluoroscopy [18] . As stated previously, these studies are generally favourable, often in comparison with laparoscopic techniques. These studies are often biased by patient selection and potentially flawed laparoscopic surgical technique that produced marginally acceptable results. The bias arising from patient selection occurs since most these studies are observational and confounded by the exclusion of obese patients and those with prior abdominal surgery from radiological but not laparoscopic PD catheter insertion. The bias arising from flawed laparoscopic surgical technique occurs since some surgeons do not observe recommendations from opinion leaders around co-interventions that minimize the risk of leakage and catheter dysfunction: for instance, the routine use of a long musculofascial or pre-peritoneal tunnel; reduction in the number and size of trocars; concurrent prophylactic hernia repair and routine omentopexy; the use of endoscopic suturing of peritoneal incisions [2] . These surgical practices cannot be recommended in a wholesale manner as evidencebased 'best practice' due to not well-designed randomized controlled trials comparing advanced and basic laparoscopic PD catheter insertion techniques. Notwithstanding, where some or all of these measures are standard during laparoscopic catheter insertion, reported clinical experience has shown markedly better outcomes [38] [39] [40] [45] [46] [47] [48] [49] [50] . Considering these potential sources of bias, the radiological and laparoscopic groups in our study were balanced by randomization resulting in strong internal validity. The inclusion criteria of this study do reduce its external validity, and our results should not be generalized to populations that have markedly different characteristics. The inclusion criteria were as inclusive as was reasonably possible, and 67% (126 of 187) of our source population were eligible for radiological PD catheter placement, somewhat more than the 47-55% estimated from other studies. We are now extending the radiological technique to more obese patients and those with minor abdominal surgery, although further study is needed before we can be certain that good results are maintained.
Potential bias arising from flawed laparoscopic surgical technique is a potential weakness of our study. Since the completion of our study, the surgical technique in our service has changed to incorporate some of the co-interventions recommended above. Notwithstanding, we contend that the surgical technique used in our study is still a realistic reflection of clinical care outside of centres of particular surgical excellence. Previous studies of ostensibly best surgical practice such as that from Crabtree and colleagues would be the exception rather than the rule elsewhere [2, 18, [47] [48] [49] [50] . As such, we believe that the external validity of our study is still high and our results are still of importance to the wider medical community involved with the care of patients on PD.
In summary, our study shows that radiological insertion of first PD catheters by percutaneous fluoroscopy to be safe and effective, inexpensive and available to a large proportion of patients who require PD.
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